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XATIOKAL ADVISORY COH'ITTEE FOR AERONAUTICS 

MEMORANDUM REPORT 

for the 

Bureau of Aeronautics, Navy Department 

FIIGKr rXASüflE-SN^S CF TKE LATERAL CONTROL CHARACTERISTICS 

OF AN AiRPura SHIPPED WITH A CC::BINATION 

AIL2RCi:-SP01'LEn CONTROL SYSTEM 

By Lawrence A. dousing and William H. HcAvoy 

SU7I.ARY 

Flight tests were conducted to measure  the lateral- 
control characteristics of an airplane, equipped with a 
lateral-control system, in which as the flaps are lowered 
the ailerons droop and a gradual transition of lateral 
control from ailerons to spoilers takes place.    The par- 
ticular airplane used in  these  tests was also equipped 
with a r'axwell-typo leadlng-ed^e slot.    Tho tests showed 
satisfactory lateral control except that at full defleotlon 
of the controls  the values of    pb/2V    were less  than C.07 
for most settings of flap,  slot, and power; that stick 
forces were higher than desirable in some conditions; and 
that a reduction of control forco and effectiveness 
gradients occurred near neutral when spoilers alone were 
operative. 
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IOTRODUCTIOtf 

Much study has been devoted to the attainment of 
satisfactory lateral control when full-span flaps are 
employed to Increase tho maximum lift.    Quantitative 
information on the lateral-control characteristics of 
airplanes employing full-span flaps 13 therefore desir- 
able.    Flight  tests have been conducted to measure   the 
lateral-control characteristics of an airplane equlppod 
with .1 luteral-control system in which, as the flaps are 
lowered, tho ailerons droop and a gradual transition of 
latoral control fron ailerons to spoilers takes place. 
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Moan aorodvnomic chord   89.5 inehos 

Ineldonco 3° 

Ailoron area (aft of hinge, total) I5.I1 square foot 

Stabilizer area (including 3.5 sq ft 
fuselage and 1.&3 sq ft elevator 
balance 34.6 square feet 

Elevator aroa, aft of hinge 
(including I.7O sq ft of tabs) 24.0 square foot 

Pin area (including 1.18 
sq ft rudder ba.lar.co) 10.5 squaro foot 

Rudder, aft of hinge 
(including 0.35 s<?. ft tabs) H«5 square feet 

Control surfr.ee movenonta 0 
Ruddor 25 either side 

Rudder pedals   (pilot) 3-11/16 inches forward, 
3-5/8 inches aft 

Elevators 30° up, 20°down 

Elevator controls   7-lA inches forward, 
IO-7/8 inches aft 

Ailerons (normal) 32° up, 20° down 

Ailorons (drooped 29°)   0 up, 0° down 

Right spoiler 53 up 

Loft spoiler   49° up 

Aileron control .....   8 inches right, 
3 inches loft 

Aileron droop control 22 mr.xircur.i turns for 
29 ailoron droop 

Elovator tabs   10-3/4° up, 15-3/4° down 
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k 
Ruddor tab 20° right, 20 loft 

Flaps I4.O0 down 

(IToto:  Flaps arc spring loaded) 

Tolorar.co on all nnglos .  + 1 

"Toloranco on all control movements + l/li. Inch 

Hie manner in which tho maximum movements of tho 
allorons and spoilers arc affected by change In flap sotting 
is shown in figure 6.  Inasmuch as tho flap was spring 
loadod, it was freo to move up frcr. a full-down setting 
when air forcos excooded tho spring loading.  Tho movomont 
of tho flap in this manner, however, causod no chango in tho 
relative movements of tho ailerons and spoilers, provided 
tho sotting of tho lovor controlling tho no-load flap 
position remained fixod.  The friction in tho lateral control 
system in both loadod and unloaded conditions is shown in 
figures 7 to 10, inclusive, for flap positions of full up, 
ono-third down, two-thirds down, and full down, respectively, 
It will be noted that tho values of friction are indicated 
by tho force required to move the controls in each direction, 
and that thoroforo tho friction forco is indicated by one- 
half tho diffcrenco between the values of force shown. 
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INSTRÜI3ET irSTALLATIOE 

Itoms Hcasurod 

Tirao 

Air spood 

Rolling velocity 

Manifold pressure 

Rpm 

Freo-alr  tomporaturo 

Instrument 

1IACA timor * 

MACA airspood control 

NACA recording turnmotor 

Standard airplane manifold 
pressure gauge 

Standard airplano 
tachometer 

Standard airplano indi- 
cating thermometer 



Ailorcn and spoiler anglos NACA control-position 
rocorder 

Stick position 

Flap position 

Sideslip anglo 

Stick force 

NACA control-position 
rocordor 

NACA control-position 
recorder 

NACA yaw-anglo roeordor 

NACA stick-forco recorder 

Tho airspeed rocordor was connected to a swivoling 
pitot-static hold, which was free to rotate in pitch, 
located on a boom extending about a chord length ahead 
of the loft wing tip. All according instruments ":cro 
synchronized by   the timer, and the records were ottainod 
pho to gr aphi c a 1 ly. 

The aileron and spoiler control-position rccordors 
were mounted at the control surfaces, and thus rocordod 
accurate angles of those surfaces irrespective of tho 
dofloction in tho control system.  Tho stick-position 
rocordor was mounted .it the rear stick, near tho control 
stops. 

R3SULTS AND DISCUSSION 

Tho latoral control measurements are compared with 
tho requirements for satisfactory lateral control sot up 
in roforenco 1, 

One requirement of roforenco 1 (II-B-1) spocifios 
that,at any given speed, the maximum rolling volocity 
obtained by abrupt ueo of the ailerons should vary smoothly 
with the aileron deflection and should bo approximately 
proportional to the aileron doflcction.  Tho ability of tho 
lateral controls to moot this requirement is indicated by 
plotting the rolling velocity in abrupt rudder-fixed 
aileron rolls as a function of stick doflcction for tho 
following conditions: 
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Fiflvjo NO.      Plap Position Slot Position Power 

Pull up Closed On and Off 
Pull up Open Cn and Off 

Olio-third down Closed On and Off 
One-third down Open On and Off 
Two-thirds down Closed On and Off 
Two^thirds down Opon On and Off 

Pull down Closod On and Off 
Pull down Opon On and Off 

11 
12 

8 is 

h 
Tho roquiromont appears to be mot for all conditions 

oxcopt tho flap-full-down condition (lateral control entirely 
by spoilors). In thi3 condition it will be noted from figures 
17 and 18 that tho movomont o.? the stick when near its 
neutral position did not produce tho same change in rolling 
volocity as when displaced fro?n neutral. This condition was 
conaidorod unsatisfactory by the pilots. 

Another requirement of rcforonco 1 (1I-B-2) specifics 
that the variation of rolling acceleration with time following 
an abrupt control deflection should always be in tho correct 
dirootion and should reach a maximum value not later than 0.2 
second after tho controls have reached their given dcfloction. 
The ability of tho lateral controls to meet this rcquircmont 
Is indicated by tho time histories of two typical abrupt, 
ruddor-fixed, aileron rolls.  In figure 19, control is obtain- 
od entirely by the ailerons, and in figure 20 control is 
obtained entirely by tho spoilers. Figures 19 and 20 show 
that those requirements are met for control by either 
aileron or spoiler.  It may bo presumed that therefore this 
requirement is met for any combination of aileron and spoilors. 
Tho pilots noticed no adverse rolling acceleration or notico- 
ablo lag in any of the abrupt aileron roll3 made. 

Tho ability of the lateral controls to moot another 
roquircmont of rcforonco 1 (II-B-3) is indicated in figures 
21 through 28.  This requirement specifics that tho maximum 
rolling velocity obtained by tho use of ailerons alone 
should be such th".t the helix angle generated by the wing 
tip pb/2V is equal to or greater than 0.07 where p is 
tho maximum rolling velocity in radians per 3ccond, b is 
tho wing span, and V is tho truo airspeed in feet por 
socond.  It will be obscrvod that the curves of figures 21 
through 28 do not includo test points for rolls of full stick 
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dotlection but that tho curvoa arc novortheloss oxtra- 
polr.tod to full stick deflection.     The extrapolation of 
the curve  to full stick deflection with  tho control system 
under loid Is considered valla.     Tue stick-position record- 
er was mounted In  liu   control  system near  the  control stops. 
Thus,   the limitirjj values of stick uovoxiunt recorded wore 
the same vnat-r load as under no lo^.d.     Hie  range of angles 
over which the extrapolation is  carried out is  small. 
Rolls wore not actually iuedc at full stick deflection in 
order thnt the  control forces v:hich v/cre also measured 
during the rolls might not Include an indeterminate awount 
of force due  to holding the  control against tho stop.     Tho 
extent to which tVii3 requirement is met for full stick 
deflection at the  l.ic.st favorable spends for various con- 
ditions is summarised in the following tabulation: 

• Max. Hax. 
pb/2V pb/2V 

Figure Flap Slot Speed right left 
number position position Fewer mph roll roll 

21 Up Closod Off 108 0.05lj. 0.062 
21 Up Closod On 78 .07 .06 
22 Up Open Off "8 '. Oi 7 .035 
22 UP Open On .00 .C51 
25 1/5 Down Closod Off 79 .066 .052 

? 1/3 Down 
1/5 Down 

Closed On 121 .071 .068 
Opon Off §6 .Oki .0l|.8 

2k 1/5 Down Open On 62 .057 .051 
25 2 /%  Down Closod Off & .015 .030 
25 2/5 Down Closed On % .01(2 .0S0 

.01+7 

.0S8 

.043 

26 2/3 Down Opon Off 9k .0L2 
.O05 26 2/3 Down Opon On 121 

27 Down Closod Off 75 • 055 

11 Down Closod On 105 .066 .070 
Down Open Off 9? .080 .070 

.080 28 Down Open On lOlj. .073 

It will be noticed that tho    pb/2V    requirements of 
roforonco 1 are not inet.     Thoro  is  considerable variation 
in the maximum values of    pb/2V    for  tho various  conditions. 
It appears  that highest    values of    pb/27    aro  obtained in 
the flap-full-down condition with  the flap-two-thirds-down 
oondltion giving the  lowest values  of    pb/2V. 

. \ 
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The extont to which deflection of the control system 
resulted in loss of possible rolling velocity is indicated 
by figures 29 through 56, in which the relation between 
recorded stick position and the aileron and spoiler positions 
when under load in actual flight are compared with the no- 
load relationship observed or. the ground. It will bo notod 
that the deflections of the ailerons and spoilers under load 
wore relatively small, and aro probably as* small as ordinary 
structural design practice in lateral control systems will 
pexT.it. With control by the :>.ilcron (flaps-up condition), 
figure 29 would indicate that probably not more than 10 
percent of the possible rolling velocity is lost duo to 
deflection of the control sypteir, 171th control by the 
spoilers alone, figure $&  would indicate that probably not 
more than 15 percent of the possible rolling velocity is 
lost due to deflection under load. 

In considering the loss of possible rolling velocity 
duo to doflcction in the control system, it should bo 
appreciated that the position cf the control 3 tops are an 
important factor. If the control stops wore at the control 
surfacos themselves, doflection of the control system would 
not prevent the attainment of maximum rolling volocity provid- 
ed frocdom of stick movement prevailed.  In the tost airplane, 
the doflection of the front stick with relation to tho lateral 
control surfacos was much greater than is indicated in figures 
29 through 56 a3 the 3tick-position recorder was mountod at 
the roar stick noar which th: lateral control tubos into tho 
wings arc attached. Thus, tho dofloctions shown in figures 
29 through 36 do not include the additional deflection between 
front and rear sticks. For record purposes to allow tho front 
stick position to be determined if desired, figure 37 ls 

included to show tho deflection between front and rear stick , 
positions when a force is appliod at the front stick as indi- 
cated by the stick force and is resisted by weights placed 
on the right aileron. 

Reference 1 further specifies (requirement II-B-lj.) that 
the variation of alleran cortrol force with aileron deflection 
should be a smooth curve, and that the force should every- 
where be great enough to return ihc control to trim position. 
Tho ability of the lateral controls to meet this requirement 
is indicated in figures 32 thorough I4.I.  These figurc-3 show 
that this requirement is mot, except perhaps in the flap-full- 
down position for which condition figure I4.I shows a slight 

:»«**!>-• -"»'- 
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infloctlon in the forco curves nocr the neutral position. 
This inflection was noticeable to the pilots in flight. 

Another requirement of reference 1 (II-3-5) spocifics 
that,at ever;- sp-o? below 80 percont of maximum level flicht 
speed, it should bo possible to obtr.in the specifiod value 
of pb/2V without exceeding + 30 pounds applied at tho 
grip of tho sticli. The abiliFy of the latcrGl controls 
to moot this requirement is illustrated in figures l|2 end 
43. Tho mrixirrus; indicated airspeed in level flight is 
I69 milos per hour. Figures l\2  and ij.3 show thut this 
requirement is not met. 

Figures Ü.I4. through !.;7 illustrate tho ability of tho 
lateral controls to iv.zob  a rceuiromont of reference 1 
(II-C) which specifies that, with rudder locked at 110 
percent of the minimum speed, the sideslip developed as a 
result of full aileron deflection should not excoed 20 . 
The minimum speeds for the various conditions and tho maxi- 
mum angle of sideslip obtained are tabulated as follows: 

Piguro 
Wumber 

55 m 
55 
55 

I 
56 
56 

H 
57 
57 
57 

Flap 
Position 

UP 
Up 
UP 
Vp . 

Down 
Down 

1/3 Down 
1/3 Down 
2/3 Dcwn 
2/3 Down 
2/3 Down 
2/3 Down 
Pull Down 
Pull Down 
Pull Down 
Pull Down 

Slot 
Position 

Closed 
Closod 
Open 
Open 
Closed 
Closed 
Open 
Open 
Closed 
Closed 
Open 
Open 
Cloaod 
'Jloced 
Opon 
Open 

Power 

Off 
On 
Off 
On 
Off 
On 
Off 
On 
Off 
On 
Off 
On 
Off 
On 
Off 
On 

Minimum 
Speed 
flfiiph 

Maximum 
Angle  of 
Sidoslip 
Degrees 

70.5-77 

79.0-82 

15.5 
9-5 
IS 
22 
19 
17 
15 
22 
10 
16 
10 

15.5 
60.5-62.5 11.5 
5.9.0-50.0 1/1:5 
63.5-^5.0 11.5 
I;8.5-if9.0  13 

at 
at 
at 
at 

at 88 mph 
at 78 mph 
at 93 mPh 

64 mph 
79 mph 
70 mph 

..- 88 mph 
at 62 mph 
at 81 mph 
at 61). mph 
at 31 mph 
at 60 mph 
at 75 mph 
r.t 68 mph 
at 78 mph 
at 59 mph 

«   Minimum spoed dopondont upon cowl flap, and hood positions« 

\ 
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It trill bo observed fron tho tabulation that 20 of sidoslip 
was excooded In only one condition at which a value of 22 
sideslip was obtained. It apjvors, however, that tho spood 
f.t which this value was obtained was lower than 110 percent 
of the minimum spood, although this is not cortain as the 
r.:lnimrir. sp-od was not obtained for the condition conccmod. 
Because of the many varied  values of minimum spood of this 
airplane, it is not possible to state definitely whether or 
not this requirement has been mot for all conditions. In 
general, however, it appears that the requirement is net 
satisfactorily. 

On the erhole* tho pilots regordod tho lateral controls 
as unsatisfactory. !'lth controls entirely by the ailerons 
(flaps up), control forces wore too hoavy and tho controls 
seemed to provide insufficient rolling velocity. 71 th 
control entirely by tho spoilers (flaps down), control 
soonod uncertain. It is believed that this offoet was causod 
by the nonlinear characteristics of the lateral control when 
near tho neutral position as is shown by figures 17, 10, 27, 
28, and /j.1.  It was tho impression of tho pilots that as tho 
stick was moved beyond a aertain region noor neutral tho 
rolling velocity resulting would not tend to bo the exact 
value dosired by the pilot. Apparently, the nonlinear roll 
and forco characteristics made smooth control difficult. It 
Is not believed that figures 17, 13, 27, 28, and i;l show this 
characteristic to tho extent that it is felt by the pilots, 
probably because an insufficient number of test points woro 
obtained with controls near the neutral position. Control 
forces wore most satisfactory when obtained by a combination 
of ailorons and spoilers in the flap-ono-third-down position. 
However, in this condition as in other conditions tho 
Impression was gained that lateral control was insufficient. 

COrCLÜSIOHS 

1. Iho variation of maximum rolling volocity with 
lateral stiok movomont as obtained in abrupt ruddor-lockod 
rolls was satisfactorily smooth except when control was by 
spoiler alone. 

2. Ihero was no lag in the attainment of maximum 
rolling acceleration with any combination of ailorons and 
spoilers. 

T 
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3. For full deflection of the controls, tho values of 
pb/2V obtained wore less than the required valuo of 0*07 
for most conditions of flap, slot, and power. 

U..    The variation of lateral-control force with 
lateral stick movement was satisfactorily smooth except 
when control was by the spoilers alone. 

5« 1he force v/as everywhere great enough to return 
the control to trip, position. 

6. It v/as not posalblo to obtain a value of pb/2V 
of 0.07 at every spood below 80 percent of maximum level- 
flight, spoed without excooding 30 pounds applied at grip 
of the stielt. 

7. Ifco sideslip developed as a result of full 
deflection, rudder-locked, aileron rolls did not oxceod 
20 at 110 pcrcont of the minimum spoed. 

Amos Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffatt Fiold, California. 

RLPErtEITCE 

1. Gilruth, R. R.: Requirements for Satisfactory Plying 
Quailtios of Airplanes. NACA ACR, April ljitl. 
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Figure 11.- Rolling velocity «» a function of lateral atlek 
position, flap» up, alota oloaed. 
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figure 12.. Rolling velocity as a function of lateral atlek 
position, flap» up, alota open. 
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Figure 16.- Rolling velocity as a function of lateral  stick 
position,  flaps two-thirds down,   slots open. 
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position, flaps full down, slots closed. 
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Figure  la,-  Tine '-.istury   of   an  abrupt  rudder locked  aileron 
roll,   flaps U'r,   slots  closed,   power off. 



Figure 20.-  Tim»» history  of an  abrupt  rudder locitftd   roil  by us« 
of  spellers,   fia^s  full  d.;*r.,   slots   sl-.a-l,   pawer  off. 
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Figure 21.- Helix anfeiai «to/SV»  »a • function of lateral  »tick 
position,  flap* up,  aloti closed. 
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Figure 22.- Helix angle, pb/2V. as a function of lateral stick 
position, flaps up, slots open. 
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Figure 26.- Helix an^le, pb/2V, as a function of lateral atloK 

position, flaps two-thirds down, slots open. 



Figure 27.- Helix angle,  pb/ZV,   as a ttuietlon of lateral  stlcK 
position,  flaps full down,  slots closed. 
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Figure 28.- Helix angle, pb/2V, as a function if lateral stlcK 
position, flaps full down, slots open. 
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Figure 31.- Relation between aileron angle and lateral stick 
position when under no load and when In flight, flaps one- 
third down. 



Figure 32.- Relation between spoiler angle and lateral stick 
position when under no load and when In flight, flaps one- 
third down. 
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Figure 34.- Relation between spoiler angle and lateral stick 
position when under no load and when in flight, flaps two- 
thirds down. 
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Figure 3C- Relation between spoiler control and lateral stick 
position when under no loau and when In flU.it, f^-ups fill* 
down. 
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Figure 38.- Variation of 
position, flaps up. 

aileron stick force with lateral stick 
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Figur» 41.- Variation of aileron stick force with lateral  stick 
position, flaps full down. 
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Plgure 43.- Maximum helix angle,   pb/2V,   for lateral   stick force 
of 30 pounds or leas,   all power-on conditions. 



Figure 44.- The angles of sideslip developed as a result of 
lateral stick movement, flaps up. 



•'i£ure  45.-  The  angles  of 
lateral  stick movement, 

sideslip developed as  a result of 
flaps one-third down. 
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lgure 46.- The  angles or 
lateral stick movement 

sideslip developed as  a result of 
,  flaps  two-thirds down. 



Figure 47.- The angles of sideslip developed »a a result  of 
lateral stick movement, flaps full down. 
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